Background/Aims: To compare the efficacy and safety of procedural sequence in same-day bidirectional endoscopy. Methods: We searched OVID-MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, and Google Scholar to identify randomized controlled trials that compared the procedural sequences in same-day bidirectional endoscopy, including esophagogastroduodenoscopy (EGD) and colonoscopy. The sedative and analgesic doses required, discomfort and satisfaction scores, procedure time, recovery time, adenoma detection rate, and failed cecal intubation were evaluated. Adverse effects, including respiratory and cardiovascular complications, were also assessed. Results: We included six studies, with 1,848 patients in total. The requirement for sedative treatment was significantly lesser in the EGD-colonoscopy sequence than in the colonoscopy-EGD sequence (standardized mean difference [SMD], -0.39; 95% confidence interval [CI], -0.54 to -0.24; p = 0.12; I 2 = 49%). Discomfort, scored by patients during the EGD procedure, was significantly lesser in the EGD-colonoscopy sequence than in the colonoscopy-EGD sequence (SMD, -0.45; 95% CI, -0.80 to -0.09; p = 0.02; I 2 = 73%), while it was comparable during colonoscopy between the two sequences. Recovery time was significantly shorter in the EGD-colonoscopy sequence than in the colonoscopy-EGD sequence (SMD, -0.47; 95% CI, -0.65 to -0.30; p = 0.28; I 2 = 21%). Total procedure duration, EGD, colonoscopy, cecal intubation time and incidence, incidences of pathologic findings, and adenoma detection were comparable between the two sequences. There was no significant difference in the incidences of desaturation, hypotension, hypertension, bradycardia, and tachycardia between the two sequences. Conclusions: When conducting same-day bidirectional endoscopy, EGD followed by colonoscopy is the most beneficial sequence to be used because patients require lower sedative doses, recover faster, and report lesser discomfort.
INTRODUCTION
Bidirectional endoscopy (BDE), a combination of esophagogastroduodenoscopy (EGD) and colonoscopy, is used to evaluate gastrointestinal conditions in patients with positive fecal occult blood tests, iron deficiency anemia, gastrointestinal bleeding, and abdominal pain [1] . BDE is also performed during a physical check-up or cancer screening. According to the national endoscopic database in the United States of America, more than 10% of patients who underwent upper or lower endoscopy had same-day BDE [1] .
Performing both procedures on the same day is convenient for patients and reduces medical costs. Although the indications and benefits of same-day BDE are well-established, there is no clear consensus on the optimal procedural sequence. Indeed, several studies have compared the efficacy and safety of procedural sequences in same-day BDE, with conflicting results. Carter et al. [2] reported that the procedural sequence did not affect patients' discomfort and satisfaction, and Choi et al. [3] presented that there was no significant difference in the colonoscopy performance and quality between upper and lower gastrointestinal endoscopy in same-day BDE. Conversely, some researchers demonstrated that for same-day BDE, EGD followed by colonoscopy was the optimal procedural sequence in terms of patients' tolerance, recovery, or required sedative dose [4] [5] [6] [7] [8] . However, an anesthesiologist's viewpoint suggested that colonoscopy followed by EGD was preferable [9] and asserted that when BDE is performed under deep sedation, EGD preceded by colonoscopy was more tolerable because the latter is usually performed under a deeper level of sedation [9] . Therefore, we aimed to perform a systematic review and meta-analysis to identify and summarize the evidence from randomized controlled trials comparing procedural sequences in same-day BDE in adult patients. The primary outcome was focused on efficacy, and the secondary outcome was focused on safety.
METHODS
This systematic review and meta-analysis was registered in PROSPERO (CRD42019124390) and was conducted as per the protocol recommended by the Cochrane Collaboration [10] and following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [11] .
This systematic review and meta-analysis did not require ethics approval or informed consent because there was no direct contact with individual patients, and only previously published data were included in this study.
Literature search
Two authors (G.J.C. and H.K.S.) independently searched the OVID-MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), and Google Scholar databases in October 2018. There were no language limitations to the search. The reference lists of the identified studies and eligible articles were also manually searched. The search strategy, which included a combination of free text, Medical Subject Headings, and EMTREE terms is described in the Appendix 1.
Study selection
The study's inclusion and exclusion criteria were determined before the systematic search. Randomized controlled trials that compared the effects of procedural sequences for BDE (EGD-colonoscopy vs. colonoscopy-EGD) were included. Review articles, case reports, cohort studies, case series, letters to the editor, commentaries, proceedings, laboratory science studies, and any other non-relevant studies were excluded. Two authors (G.J.C. and H.K.S.) independently scanned the titles and abstracts of the reports identified via the search strategies described above. If a report was deemed eligible from the title or abstract, the full text was retrieved. Potentially relevant studies selected by at least one author were retrieved, and full-text versions were evaluated. Two authors (G.J.C. and H.K.S.) discussed whether each study should be included. Disagreements over inclusions or exclusions were settled through discussions involving a third investigator (H.K.).
Data extraction
All interrelated data from the included studies were independently extracted and entered into standardized forms by two authors (H.C.O. and J.W.K.) and then cross-checked. Any discrepancy was resolved via a discussion. If an agreement could not be reached, the diswww.kjim.org https://doi.org/10.3904/kjim.2019.319 pute was resolved with the aid of a third investigator (H.K.). The standardized form included the following items: (1) title, (2) name of the first author, (3) name of journal, (4) year of publication, (5) country, (6) sex, (7) age, (8) institution, (9) premedication drug used, (10) sedative used, (11) number of participants, (12) sedation implementer, (13) Institutional Review Board (IRB) approval, (14) clinical trial registration, (15) primary endpoint, (16) total amount of sedative used, (17) total amount of analgesic used, (18) satisfaction score, (19) pain or discomfort score during the procedure, (20) duration of total procedure, EGD and colonoscopy, (21) cecal intubation, (22) pathology found during procedure, (23) adenoma detection rate, (24) complications including hypoxia, hypotension, bradycardia, tachycardia, and hypertension, (25) post-procedural complications including pain, abdominal fullness, nausea, dizziness, sore throat, and cough, (26) recovery time, and (27) risk of bias.
Means, standard deviations, and the absolute number for each variable were extracted from the tables, graphs, or text. If they were not reported, we attempted to contact the corresponding author to obtain the data. When unsuccessful, we calculated them using previously described methods [10, 12] .
Risk of bias assessment
The quality of the studies was independently assessed by two authors (G.J.C. and J.S.K.) using the revised Cochrane risk of bias tool for randomized trials (RoB 2.0) [13] . The risk of bias was evaluated by considering the following five potential sources of bias: (1) bias arising from the randomization process; (2) bias due to deviations from intended interventions; (3) bias due to missing outcome data; (4) bias in measurement of the outcome; (5) bias in selection of the reported results.
We evaluated an overall risk of bias according to these domain-level assessments. The methodology for each domain was graded as "low risk of bias," "some concerns," and "high risk of bias." An overall rating for each study was determined accordingly.
Statistical analyses
We conducted this meta-analysis using Review Manager version 5.3 (The Cochrane Collaboration, Oxford, UK) and Comprehensive Meta-Analysis software version 2.0 (Biostat, Englewood, NJ, USA). Two authors (H.C.O. and J.S.K.) independently input all data into the software. The pooled risk ratio (RR), mean difference (MD), standardized mean difference (SMD), and their 95% confidence intervals (CIs) were calculated for each outcome.
We used the chi-square test for homogeneity and the I 2 test for heterogeneity. A level of 10% significance (p < 0.1) for the chi-squared statistic or an I 2 > 50% was considered to indicate considerable heterogeneity. A fixed-effects model was selected when the p value for the chi-square test was > 0.10 and the I 2 value was < 50% [10, 14] . In cases where the I 2 value was > 50%, the random-effects model was used. Since the number of combined studies that displayed substantial heterogeneity was < 10, t statistics (Hartung-Knapp-Sidik-Jonkman method) were used instead of Z test in all random-effects analysis to lower the error rate [15] .
We calculated the number needed to treat based on the absolute risk reduction as an estimate of the overall clinical impact of the intervention [16] . We carried out sensitivity analyses to evaluate the influence of a single study on the overall effect estimate by excluding one study at a time in case of heterogeneity > 50%. Publication bias was not assessed because the number of included studies was < 10 [10] .
RESULTS
The search of OVID-MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases produced 73 studies, and six studies were identified by a manual research. After adjusting for duplicates, 76 studies remained. Of these, 65 studies were excluded because, after reviewing the title and abstracts, it appeared that these studies were not relevant to our review. The full texts of the remaining 11 studies were reviewed in detail, and five studies were excluded for the following reasons: not randomized controlled trials [1, 8, 17] , no outcomes of our interest [18] , and a letter to the editor [19] . Therefore, six studies with a total of 1848 patients met the inclusion criteria and were, therefore, included in this systematic review and meta-analysis ( Fig. 1) .
The studies were conducted in East Asia [3, 4, 6, 7] and West Asia [2] . All the articles were written in English. A sedative was administered in four studies [2] [3] [4] 7] , of which a sedative was administered to a subset of participants in one study [3] . Sedation was performed by anesthesiologists in two studies [6, 7] and, in one study, by an endoscopist and a nurse under the supervision of the endoscopist [5] . The study characteristics are summarized in Table 1 .
Risk of bias
Bias arising from the randomization process was assessed as a concern in four studies [2] [3] [4] 6] and as a low risk in two studies [5, 7] . The evaluations were low risk in all studies for the other bias domains [2] [3] [4] [5] [6] [7] due to deviations from intended interventions, due to missing outcome date, in the measurement of the outcome, and selection of the reported results. The assessments of risk of bias are shown in Table 2 .
Results of meta-analysis
Total amount of sedative The total amount of sedative used was reported in four studies [2, 4, 5, 7] . The sedatives used were midazolam [2, 5] and propofol [4, 7] . The EGD-colonoscopy group showed a significant decrease in the total amount of sedative used compared with the colonoscopy-EGD group (SMD, -0.39; 95% CI, -0.54 to -0.24; p = 0.12; I 2 = 49%) ( Fig. 2) . A subgroup analysis was conducted according to the type of sedative used. Midazolam and propofol were less required in the EGD-colonoscopy group than in the colo- noscopy-EGD group ([midazolam: SMD, -0.53; 95% CI, -1.05 to -0.01; p = 0.03; I 2 = 78%], [propofol: SMD, -0.32; 95% CI, -0.52 to -0.11; p = 0.99; I 2 = 0%]). A sensitivity analysis was performed. When a study by Chen et al. was excluded, the value of I 2 dropped to 0% (SMD, -0.30; 95% CI, -0.47 to -0.14; p = 0.98; I 2 = 0%). The total amount of analgesic used was similar between groups in two studies [2, 4] . The analgesics used were meperidine [2] , remifentanil [4] , and fentanyl [5] . The combined results showed no evidence of a significant difference (SMD, -0.34; 95% CI, -0.77 to 0.10; p = 0.003; I 2 = 82%). In terms of the analgesic dose used, a sensitivity analysis conducted showed that by removing one study at a time, the significance did not change.
Satisfaction scores
Overall satisfaction scores evaluated by patients for both EGD and colonoscopy were reported in three studies [2, 4, 7] . These studies used a 10-point scale for evaluating satisfaction. The combined results showed no evidence of a significant difference between the two groups (SMD, -0.03; 95% CI, -0.20 to 0.14; p = 0.54; I 2 = 0%). Two studies reported a preferential sequence [3, 6] . The satisfaction scores of the endoscopist and anesthesiologist were reported in one study [4] , which showed no significant difference between the EGD-colonoscopy and colonoscopy-EGD groups (8.60 ± 0.98 vs. 8.62 ± 0.99, p = 0.922; 8.59 ± 0.97 vs. 9.64 ± 0.98, p = 0.737, respectively). Patient satisfaction scores relating to sedation were reported in two studies [2, 7] . The combined results showed no evidence of a significant difference (SMD, -0.01; 95% CI, -0.22 to 0.21; p = 0.49; I 2 = 0%).
Discomfort scores
A discomfort score during the procedure was provided by patients in three studies [3, 5, 6] . The discomfort score provided by patients was significantly lower in the EGD-colonoscopy group during the EGD procedure than in the colonoscopy-EGD group (SMD, -0.45; -95% CI, -0.80 to -0.09; p = 0.02; I 2 = 73%) ( Fig. 3 ). There was no significant difference apparent during the colonoscopy procedure between the two groups (SMD, 0.00; -95% CI, -0.14 to 0.15; p = 0.59; I 2 = 0%) (Fig. 3) . The sensitivity analysis did not change the significance.
The discomfort score during the procedure was assessed by endoscopists in three studies [2, 5, 7] . This score was expressed in various ways such as discomfort score [5] , pain score [2] , tolerance during EGD [7] , or movement during colonoscopy [7] . These three studies used a 10-point evaluation scale. The discomfort score evaluated by the endoscopists during the EGD procedures showed no evidence of a significant difference between the two groups (SMD, -0.15; 95% CI, -0.50 to 0.19; p = 0.03; I 2 = 71%). There was also no significant difference apparent during the colonoscopy procedure between the two groups (SMD, -0.27; 95% CI, -0.58 to 0.03; p = 0.07; I 2 = 62%). The sensitivity analysis did not change the significance.
Procedural durations
The durations of EGD and colonoscopy were reported in all studies. Duration for the total procedure was reported in three studies [2, 3, 5, 7] . In the studies which did not report the total procedure duration [4, 6] , this was calculated by summing each EGD and colonoscopy duration. The combined results for the duration of EGD, colonoscopy, and total procedure showed no evidence of a difference in terms of EGD (SMD, -0.08; 95% CI, -0.17 to 0.01; p = 0.88; I 2 = 0%) ( Fig. 4) ; colonoscopy (SMD, -0.01; 95% CI, -0.10 to 0.08; p = 0.89; I 2 = 0%) (Fig. 4) ; and total procedure (SMD, -0.01; 95% CI, -0.10 to 0.08; p = 0.94; I 2 = 0%). The sensitivity analysis did not change the significance.
Cecal intubation
The cecal intubation time was reported in four studies = 0.00, Chi 2 = 1.05, df = 2 (p = 0.59); I 2 = 0% Test for overall effect: Z = 0.06 (p < 0.95) Total (95% CI) 712 736 100.0% -0.24 [-0.46, -0.01] Heterogeneity: Tau 2 = 0.05; Chi 2 = 18.15, df = 5 (p = 0.003); I 2 = 72% Test for overall effect: Z = 2.08 (p = 0.04) Test for subgroup differences: Chi 2 = 5.23, df = 1 (p = 0.02); I 2 = 80.9%
Mean
Total SD Mean Total SD Mean
Weight IV, Random, 95% CI IV, Random, 95% CI [2, 3, 6, 7] . The combined results showed no evidence of a difference (SMD, -0.03; 95% CI, -0.13 to 0.07; p = 0.91; I 2 = 0.0%). Incidences of failure in cecal intubation were reported in three studies [3, 5, 7] . The combined results showed no evidence of a difference (risk ratio [RR], 1.27; 95% CI, 0.32 to 5.13; p = 0.26; I 2 = 21%; number needed to treat harm [NNTH], 706.2; 95% CI, NNTH 113.0-∞ to number needed to treat benefit [NNTB] 166.2). The sensitivity analysis did not change the significance.
Pathologic findings
The incidences of pathologic findings during endoscopy were reported in four studies [2, 4, 6, 7] . No significant difference with respect to pathology was found: EGD (RR, 1.06; 95% CI, 0.96 to 1.18; p = 0.93; I 2 = 0%; NNTH, 33.8; 95% CI, NNTH 12.9 to ∞ to NNTB 14.5); and colonoscopy (RR, 0.94; 95% CI, 0.89 to 1.01; p = 0.03; I 2 = 66%; NNTH, 47.7; 95% CI, NNTH 14.5-∞ to NNTB 36.7). Adenoma detection rates were reported in four studies [3] [4] [5] 7] , which showed no significant difference between the two sequences (RR, 0.95; 95% CI, 0.68 to 1.33; p = 0.03; I 2 = 67%) ( Fig. 5 ) (NNTH, 75.5; 95% CI, NNTH 17.6-∞ to NNTB 32.9). The sensitivity analysis did not change the significance.
Complications
Hypoxia, hypotension, bradycardia, tachycardia, and hypertension Hypoxia and hypotension in four studies [2, 4, 5, 7] and bradycardia, tachycardia, and hypertension in three studies were reported [2, 4, 7] . There was no significant difference between the two sequences in terms of hypoxia (RR, .08] Heterogeneity: Chi 2 = 1.66, df = 5 (p = 0.89); I 2 = 0% Test for overall effect: Z = 0.25 (p < 0.81) Total (95% CI) 1856 1840 100.0% -0.04 [-0.11, 0.02] Heterogeneity: Chi 2 = 4.41; df = 11 (p = 0.96); I 2 = 0% Test for overall effect: Z = 1.36 (p = 0.17) Test for subgroup differences: Chi 2 = 1.02, df = 1 (p = 0.31); I 2 = 1.7%
Mean
Total SD  Mean  Total  SD  Mean Weight IV, Fixed, 95% CI IV, Fixed, 95% CI Pain, abdominal fullness, nausea, dizziness, sore throat, and cough The degree of pain, abdominal fullness, nausea, dizziness, sore throat and cough after the procedure was reported in two studies [2, 7] . The combined results showed no evidence of a difference between the two sequences for the degree of pain (SMD, 0.11; 95% CI, -0.45 to 0.68; p = 0.009; I 2 = 86%); abdominal fullness (SMD, 0.15; 95% CI, -0.07 to 0.36; p = 0.539; I 2 = 0%); nausea (SMD, 0.00; 95% CI, -0.77 to 0.77; p < 0.001; I 2 = 92%); dizziness (SMD, -0.04; 95% CI, -0.50 to 0.42; p = 0.032; I 2 = 78%); sore throat (SMD, -0.20; 95% CI, -0.41 to 0.02; p = 0.70; I 2 = 0%); and cough (SMD, -0.06; 95% CI, -0.28 to 0.15; p = 0.55; I 2 = 0%). The incidences of nausea, cough, and abdominal fullness after the procedure were reported in one study [4] . There was no significant difference between the EGD-colonoscopy and colonoscopy-EGD sequence regarding nausea, 0 vs. 1; cough, 0 vs. 2; and abdominal fullness, 1 vs. 0. The sensitivity analysis did not change the significance.
Recovery time
The recovery time was reported in three studies [4, 5, 7] . Hsieh et al. [7] reported a recovery time at the following two different intervals: time to talking and time to discharge. The recovery time was significantly shorter in the EGD-colonoscopy group than in the colonoscopy-EGD group for both time intervals, i.e., time to talking and time to discharge, respectively (SMD, -0.47; 95% CI, -0.65 to -0.30; p = 0.28; I 2 = 21%) ( Fig. 6 ) (SMD, -0.40; 95% CI, -0.77 to -0.02; p = 0.01; I 2 = 77%). The sensitivity analysis did not change the significance.
DISCUSSION
In the present study, patients required a significantly lower dose of sedative when EGD preceded colonoscopy. This suggests that there are several advantages when EGD precedes colonoscopy in same-day BDE. These advantages include a lower dose of sedative used and a low incidence of complications, such as delayed recovery or desaturation, caused by high doses of sedatives. Sedative overdose is a crucial issue in procedural sedation, and a lot of effort has been put in clinical practice to optimize the sedative dose without causing serious complications [20] . This can be supported by the results in this study, which showed that the recovery time was significantly shorter when EGD preceded colonoscopy. A shorter recovery time is linked to a quick return to the daily life of patients as well as a faster rate of hospital bed turnover. Furthermore, smaller doses of sedatives used can result in lower medical costs. Several studies investigated the cost-effectiveness of sedation during procedural sedation and suggested that a decrease in sedative cost can reduce medical expenses [18, 21] . A lower sedative dose can potentially result in fewer complications and a shorter recovery time, which in turn results in lower health care costs. The studies evaluated in this current meta-analysis used different types of sedatives, with some studies using analgesics for pain control [2, 4, 5] . We conducted a subgroup analysis according to the types of sedatives and the use of analgesics. However, the significance or heterogeneity of the results did not change.
Differences in sedative dosage may result from different procedure characteristics. For example, EGD usually requires more sedation when inserting the endoscope than a colonoscopy, and the duration of EGD is shorter than that of colonoscopy. Hence, in EGD followed by colonoscopy, the sedation achieved during EGD can result in a lesser dose of sedative being required during the colonoscopy. Our results showed that patients required a significantly lower dose of sedative when EGD preceded colonoscopy.
Despite the many benefits of using a lower sedative dose in BDE, there is a possibility that patient satisfaction for the procedure or sedation will suffer. The sedative dose required to prevent the side effects mentioned may be insufficient to maintain satisfactory procedures or sedation for patients and clinicians. However, sedative overdose did not seem to result in a reduction in patient satisfaction in this study. The satisfaction scores of patients, endoscopists, and anesthesiologists for the procedure and sedation were comparable between the two sequences.
The incidences of complications, such as desaturation, hypotension, and bradycardia, were also similar. Of five studies conducted on procedural sedation [2] [3] [4] [5] 7] , the depth of sedation was targeted at a deep level in three studies [3, 4, 7] and a moderate level in one study [5] . Given that deep sedation puts the patient at an increased risk for respiratory and cardiovascular depression, the colonoscopy-EGD sequence was not inferior to the EGD-colonoscopy sequence, at least in terms of safety.
The discomfort scored by patients during the procedure was not consistent with the results from the satisfaction scored by them. In the present study, the patients experienced a significantly greater measure of discomfort during the EGD procedure when EGD was preceded by colonoscopy, while discomfort scores during colonoscopy were comparable between the two sequences. Abdominal bloating induced by the colonoscopy procedure can make it difficult for patients to endure a subsequent EGD. Of the three studies reporting a discomfort score by patients [3, 5, 6] , procedural sedation was not done in two studies [3, 6] , and moderate sedation was performed in one study [5] . It is of no surprise that patients evaluated their discomfort during an endoscopy procedure. The difference in the discomfort scores between the two groups during EGD may be reduced by using deep sedation. Our results support that the discomfort scores by endoscopists were comparable during both endoscopic procedures. Sedation targeted at a moderate to deep level was performed in all studies in which endoscopists reported a discomfort score.
All studies included in this meta-analysis were performed in Asia. We performed additional analyses, including Kurien et al.'s [19] trial performed in the United Kingdom on the Western population. Although we finally excluded this study in this meta-analysis because it was a letter to the editor, we conducted a different meta-analysis including Kurien et al.'s [19] study to reduce any bias in terms of race or region. We could extract only the discomfort score provided by patients, and there was no change in the results that patients experienced more discomfort during EGD when it was preceded by colonoscopy. Rather, the heterogeneity showed a great decrease (SMD, -1.47; 95% CI, -2.67 to -0.27; p = 0.12; I 2 = 0%).
There were several limitations to this study. Firstly, the physicians who performed BDE and sedation were not blinded to the procedural sequence, which was inevitable considering the study design. Secondly, we need to consider that our results do not fully reflect actual clinical practice in a gastrointestinal endoscopic suite. Although we compared the total dose of sedative in this study, different sedatives may be used for each procedure in practice. That is, the sedative can main-
The Korean Journal of Internal Medicine Vol. 35, No. 2, March 2020 ly be propofol for EGD or midazolam for colonoscopy. In this case, the sedative dose may vary depending on the sequence of the sedative administered. In some cases, patients may have factors such as a medical history that may affect the sequence regardless of the benefits from the sequence itself. EGD followed by colonoscopy may be a better option in patients with highly suspected gastric cancer, whereas colonoscopy followed by EGD may be more favorable in patients with a history of abdominal surgery. Thirdly, some outcomes were heterogeneous. How sedation was performed, the use of analgesic, the sedation regimen, the sedation depth, the evaluation scale for satisfaction, and the discomfort or gas insufflation during the procedure varied, resulting in heterogeneous outcomes. Therefore, we conducted meticulous subgroup and sensitivity analyses. Finally, this meta-analysis included only a small number of studies.
In conclusion, when conducting same-day BDE, EGD followed by colonoscopy is the beneficial sequence because only a low sedative dose is required and the patient recovery time is faster with less discomfort. Complications relating to safety issues were similar regardless of the procedural sequence used.
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